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In the present study, we assessed the effects of Thymus vulgaris L. essential oil (TVEO) on Staphylococcus
aureus and Listeria monocytogenes, pathogenic bacteria frequently associated with fresh or low-ripened
cheeses (e.g., Brazilian coalho cheese), and on a starter co-culture comprising Lactococcus lactis subsp.
lactis and L. lactis subsp. cremoris, which are commonly used for the production of different cheeses. To
measure these effects, we determined the minimum inhibitory concentration (MIC) and assessed bac-
terial cell viability over time in (coalho) cheese-based broth and in a semi-solid (coalho) cheese model at
10 C. The MIC for TVEO was 2.5 mL/mL against S. aureus and L. monocytogenes, while the MIC was 1.25 mL/
mL against the starter co-culture. The TVEO (5 and 2.5 mL/mL) sharply reduced the viable counts of all
assayed bacteria in cheese broth over 24 h; although, at 5 mL/mL, TVEO more severely affected the
viability of the starter co-culture compared with pathogenic bacteria. The addition of 1.25 mL/g of TVEO in
the semi-solid cheese model did not reduce the viable counts of all assayed bacteria. At 2.5 mL/g, TVEO
slightly decreased the viable counts of S. aureus, L. monocytogenes and Lactococcus spp. in the semi-solid
cheese model over 72 h. The ﬁnal counts of Lactococcus spp. in a semi-solid cheese model containing
2.5 mL/mL TVEO were lower than those of pathogenic bacteria under the same conditions. These results
suggest that the doses of TVEO used to control pathogenic bacteria in fermented dairy products, espe-
cially in low-ripened cheeses, should be cautiously considered for potential negative effects on the
growth and survival of starter cultures.
© 2015 Elsevier Ltd. All rights reserved.1. Introduction
Essential oils (EOs) are substances naturally synthesized in
different plant organs as secondary metabolites characterized as
oily aromatic liquids extracted fromplantmaterials (Asbahani et al.,
2015). The antimicrobial activity of EOs is promising for the use of
these substances on food conservation systems (Bouhdid et al.,
2010), such as those applied in dairy products (Asensio et al.,
2015; Olmedo et al., 2013). EOs that are considered Generallyaraíba, Centro de Cie^ncias da
00, Cidade Universitaria, Jo~ao
L. de Souza).Recognized as Safe (GRAS) at doses typically used in foods (Burt,
2004; Sousa et al., 2012) and have been approved by the Food
and Drug Administration (FDA) for use in foods and drinks include
the essential oil from Thymus vulgaris L. (TVEO) (FDA, 2009). The
efﬁcacy of TVEO in inhibiting a range of pathogenic and/or spoilage
food-related bacteria in in vitro systems has previously been re-
ported (Ballester-Costa et al., 2013; Kohiyama et al., 2015;
Nezhadali et al., 2014). However, studies verifying the inhibitory
effects of TVEO against food-related bacteria in food-mimicking
systems or even in food matrices are lacking.
Lactococcus species are the major lactic acid bacteria responsible
for the acidiﬁcation of milk during the production of cheeses
(Lopez-Díaz et al., 2000). Among the ﬁve known Lactococcus spe-
cies, the only bacteria that signiﬁcantly contribute to the
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L. lactis subsp. lactis and L. lactis subsp. cremoris are the most
important bacteria for this technological use (Fox et al., 2000). Milk
acidiﬁcation through Lactococcus also contributes to the develop-
ment of improved sensory properties (i.e., taste, ﬂavor and texture)
in cheeses (Mills et al., 2010). Moreover, the presence of Lactococcus
in cheeses has been associated with the increased microbial sta-
bility of the products during storage, producing substances (e.g.,
organic acids, bacteriocins, fat and amino-acid metabolites) for the
inhibition of spoilage and pathogenic microorganisms (Coelho
et al., 2014).
Cheese is considered a vehicle for foodborne pathogens, in
particular, handmade fresh cheeses primarily produced from raw
milk. However, this contamination can also occur in cheese pro-
duced with pasteurized milk, reﬂecting post-pasteurization
contamination (Brooks et al., 2012; Quero et al., 2014). The micro-
bial contamination of this product is relevant for industry due to
economic losses and for public health due to the risk of trans-
mitting potentially pathogenic microorganisms to consumers
(Gandhi and Chikindas, 2007). Listeria monocytogenes and Staphy-
lococcus aureus are involved in many foodborne outbreaks, and
these bacteria are considered dangerous threats to the safety of
fresh and low-ripened cheeses (Pimentel-Filho et al., 2014). Un-
ripened or low-ripened cheeses infected with L. monocytogenes
have been associated with major outbreaks of listeriosis worldwide
(Coelho et al., 2014). According to reports, 345 foodborne outbreaks
in 2011 in Europe were caused by staphylococcal enterotoxins,
primarily involving the consumption of cheeses, eggs and mixed
foods (Zeleny et al., 2015). Considering the potential of fresh or low-
ripened cheeses to harbor pathogenic bacteria, particularly
L. monocytogenes and S. aureus, and the potential impact of these
bacteria on food safety, the development of new and effective
procedures, such as the inclusion of EOs, for controlling pathogenic
bacteria in these products has received much attention from
research and industry.
Although the capability of TVEO to inhibit the growth and sur-
vival of pathogenic and/or spoilagemicroorganismsmust be deeply
considered to develop an innovative food conservation system, the
potential inhibitory effects of this compound on beneﬁcial bacterial
commonly applied or existing in foods, including those used for
technological purposes in fermented products (e.g., mesophilic
starter lactic acid bacteria), must also be reconciled. This consid-
eration reﬂects the fact that the inhibition of technologically
beneﬁcial bacteria in foods using an antimicrobial compound could
result in unsatisfactory processing or even changes in the desired
characteristics of the obtained products. There are only a few re-
ports concerning the effects of spices and/or EOs on starter cultures
(e.g., lactic acid bacteria) (Janssen et al., 1987; Kivanç et al., 1991;
Shelef, 1983). Moreover, information concerning the effect of
TVEO toward starter bacteria commonly used in cheese production
remains scarce.
Lactococcus species are used for production of Coalho cheese, a
semi-hard, medium-to high-moisture (low-ripened) cheese typical
of the northeast region of Brazil (Queiroga et al., 2013). This cheese
possesses good acceptance among consumers (Garcia et al., 2012)
and is produced through simple technology following milk coag-
ulation using rennet or proper coagulating enzymes, which are
commonly complemented with selected starter culture mainly
composed of L. lactis subsp. lactis and L. lactis subsp. cremoris
(Brazil, 1997), and must be consumed in a maximum period of 21
days under cold storage (Garcia et al., 2012; Oliveira et al., 2012).
Considering these aspects, in the present study, we assessed the
effects of TVEO toward the pathogenic bacteria S. aureus and
L. monocytogenes and a mesophilic starter co-culture comprising
L. lactis subsp. lactis and L. lactis subsp. cremoris. These effects weremeasured (and compared) through the determination of the min-
imum inhibitory concentration and the assessment of the bacterial
cell viability over time in a (coalho) cheese-based broth and a semi-
solid (coalho) cheese model.
2. Materials and methods
2.1. Essential oil
TVEO (batch 178; density at 20 C, 0.918; refractive index at
20 C, 1.501, extracted through steam distillation) was purchased
from Ferquima Ind. Com. Ltd. (S~ao Paulo, Brazil). The TVEO emul-
sions were prepared in brain heart infusion broth e BHI (Himedia,
India) at a range of concentrations (80e0.312 mL/mL) using Tween
80 (1%, v/v; SigmaeAldrich, USA) as an emulsiﬁer (Monte et al.,
2014). At the highest assayed concentration (1%, v/v), Tween 80
presented no inhibitory effect against the assayed bacterial strains.
2.2. Microorganisms and growth conditions
The L. monocytogenes (ATCC 7644) and S. aureus (ATCC 6538)
strains used in the present study were obtained from the Collection
of Reference Microorganisms at the National Institute of Quality
Control in Health (FIOCRUZ, Rio de Janeiro, Brazil). The freeze-dried
commercial starter co-culture comprising Lactococcus latis subsp.
lactis and L. lactis subsp. cremoris (R-704, batch 3122631) was ob-
tained from Chr. Hansen Brazil® (Valinhos, Minas Gerais, Brazil).
This starter co-culture was chosen as test microorganisms because
of its well-known use in the production of low-ripened cheeses
(Buriti et al., 2007; Sant'Ana et al., 2013; Garcia et al., 2012; Oliveira
et al., 2012; Queiroga et al., 2013). In the present study, the stock
cultures were maintained in cryovials at 80 C.
Inocula of the pathogenic bacteria strains or the starter co-
culture used in antimicrobial testing were obtained after prepar-
ing suspensions in sterile saline solution (0.85% NaCl p/v), from
overnight cultures grown in BHI agar at 37 C. Each strain or the
starter co-culture was grown in BHI broth at 37 C for 18e20 h (late
exponential growth phase), harvested through centrifugation
(4500 g, 15 min, 4 C), washed twice in sterile saline solution and
re-suspended in BHI broth to obtain standard cell suspensions at
which the OD reading at 660 nm (OD660) was 0.1 and 0.8, which
provided viable cell counts of approximately 8 log CFU/mL for
pathogenic strains and starter co-cultures, respectively, when pour-
plated onto BHI agar (McMahon et al., 2008; Wiegand et al., 2008).
2.3. The identiﬁcation of TVEO constituents
The constituents in TVEO were identiﬁed through gas chroma-
tography coupled to mass spectrometry e GCeMS (CGMS-QP2010
Ultra Shimadzu). Analysis through GCeMS was performed under
the following conditions: a RTX-5MS capillary column
(30 m  0.25 mm  0.25 mm); program temperature: 60e240 C
(3 C/min); injector temperature: 250 C; detector temperature:
220 C; carrier gas: helium adjusted to 0.99mL/min speed; ionizing
energy: 70 eV; and mass range (m/z): 40e500. The spectra bank of
GC/MS, NIST/EPA/NIH Mass Spectral Database (Version 1.7) was
used to identify the individual essential oil constituents. The
quantiﬁcation of the constituents was obtained after normalizing
the areas of each detected constituent, expressed as a percentage
area (%).
2.4. Cheese samples and preparation of cheese-based broth
The effects of TVEO on bacterial cell viability were examined
using a coalho cheese-based broth and a semi-solid coalho cheese
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ganisms in the studied foodmatrix. The coalho cheese samples (two
units of 500 g from the same batch, produced using only enzymatic
coagulation with 0.9 mL/L chymosin, without the addition of
mesophilic lactic acid culture) used to prepare the cheese-broth
and assays using the semi-solid cheese model were purchased
from a local retail supermarket in Jo~ao Pessoa (Brazil). The cheese
samples were assessed for hygienic-sanitary conditions according
to the current sanitary standards of the Brazilian legislation (Brazil,
2001), which establishes the limits of total and thermotolerant
coliforms (45 C), coagulase-positive Staphylococcus (S. aureus),
Salmonella spp. and L. monocytogenes. Moreover, the counts of
Lactococcus spp. in these cheese samples were monitored. The
microbiological analyses were performed according to the standard
methods described elsewhere (APHA, 2001), and the obtained data
showed a satisfactory sanitary quality for the cheeses samples ac-
cording to the established criteria, highlighting the absence of
L. monocytogenes, Salmonella spp. and S. aureus. The viable Lacto-
coccus spp. counts in the cheese samples were consistently near
3 log CFU/mL.
To obtain the cheese-based broth, 160 g of coalho cheese (pre-
viously macerated) was added to 1000 mL of sterile distilled water
and hand-mixed using a sterile glass stem for 5 min to ensure even
homogenization. Subsequently, the mixture was placed in a ther-
mostatic water bath (42 C, 50 min) and vacuum-ﬁltered using
Whatman no. 1 ﬁlter paper. The obtained ﬁltrate was sterilized
through autoclaving (121 C, 1.1 atm, for 15 min) (Neviani et al.,
2009). The ﬁltered broth was stored in 50-mL aliquots at 20 C,
and when required, an aliquot was thawed under refrigeration
(7 ± 1 C) and used for subsequent assays.
The physico-chemical characterization (moisture, ashes, fats,
proteins, and carbohydrates) of the cheese-based broth and coalho
cheese used as a substrate in antimicrobial assays was performed
according to standard procedures described elsewhere (AOAC,
2012). The values of the assessed parameters were moisture
98.4 g/100 g; ashes 0.37 g/100 g; fats 0.39 g/100 g; proteins 0.7 g/
100 g; and carbohydrates 0.23 g/100 g for cheese-based broth; and
moisture 46.5 g/100 g; ashes 4.57 g/100 g; fats 6.35 g/100 g; pro-
teins 22.17 g/100 g; and carbohydrates 20.40 g/100 g for cheese.
2.5. Determination of the minimum inhibitory concentration (MIC)
of TVEO
A microtiter plate assay was used to determine the MIC of TVEO
according to the standard method (CLSI, 2006), with minor modi-
ﬁcations related with the use of a stain to detect bacterial growth/
survival. Approximately 50 mL of each of the tested TVEO emulsion
(80e0.312 mL/mL) was dispensed into each well of a 96-well
microplate containing 100 mL of BHI broth. Subsequently, 50 mL of
bacterial suspension (6 log CFU/mL) were added to each well. The
microplate was loosely wrapped with cling wrap to prevent bac-
terial dehydration and TVEO volatilization. Each plate included
controls without TVEO. The systemwas incubated at 37 C for 24 h.
Subsequently, a 30-mL aliquot of resazurin (0.01%, m/v) (Inlab,
Brazil) prepared in aqueous solution (Aguiar et al., 2015), was
added to each well. The color changes were visually assessed after
20 min at 37 C. Bacterial growth was indicated as color changes
from purple to pink (or colorless). The MIC values were conﬁrmed
as the lowest concentrations capable of inhibiting bacterial growth.
2.6. Effects of TVEO on bacterial cell viability in cheese-based broth
The effects of different TVEO concentrations (1.25, 2.5 and 5 mL/
mL) on the cell viability of each tested bacterial suspension (each
pathogenic bacterium or starter co-culture) when inoculated incoalho cheese-broth were assessed over 24 h using the viable cell
count method. Initially, 150 mL of the tested bacterial suspension
(approximately 8 log CFU/mL) was inoculated into 2850 mL of
separated cheese-broth samples containing TVEO at the desired
ﬁnal concentrations. The different systems (ﬁnal viable cell counts
of approximately 6 log CFU/mL) were gently hand-shaken for 30 s,
and subsequently incubated at 10 C (proper storage temperature
of coalho cheese) for 24 h. At intervals of 0 (just after homogeni-
zation), 1, 2, 4, 8, 12 and 24 h of post-incubation (exposure time), an
aliquot of 100 mL of each systemwas serially diluted in sterile saline
solution, and subsequently 20 mL of each dilutionwas added toM17
agar base (Himedia, India) to count viable Lactococcus spp., Baird
Parker agar (Himedia, India) supplemented with 50 mL/L of egg
yolk emulsion containing potassium tellurite (3.5%) (Himedia, In-
dia) to count S. aureus and Listeria Agar Base containing
selective supplement for Listeria II (Himedia, India) to count
L. monocytogenes, using a microdrop inoculation technique
(Herigstad et al., 2011). Control systems without the addition of
TVEOwere similarly assayed. The plates were incubated at 37 C for
24e48 h. Plates inoculated with aliquots collected from broth
containing TVEO were incubated for an additional 24 h at an
adequate temperature compared with samples collected from
control assays. The results are expressed as log CFU/mL.
2.7. Effects of TVEO on bacterial cell viability in semi-solid cheese-
model
The effects of different TVEO concentrations (2.5 and 5 mL/mL)
on the cell viability of each tested bacterial suspension (each
pathogenic bacterium or starter co-culture) inoculated in coalho
cheese slurry samples were assessed over 72 h using the viable cell
count procedure. In each of four different systems (each referring to
a speciﬁc cold storage period, as follow 0 h: 1st system - just after
homogenization of the system, 24 h: 2nd system, 48 h: 3rd system
and 72 h: 4th system) containing 20 g of macerated coalho cheese
(taken from the same macerate cheese pool), 10 mL of sterile saline
solution, 1 mL of the tested bacterial suspension (approximately
8 log CFU/mL) and the desired ﬁnal concentration of TVOE were
added. The systems were mixed using a sterile glass stem for 5 min
to ensure even homogenization (ﬁnal viable cell counts of
approximately 6 log CFU/mL) and incubated at 10 C. At each pre-
established storage period, 70 mL of sterile saline solution were
added to the corresponding system, homogenized and serially
diluted (10-1e10-5) in sterile saline solution. Subsequently, 20-mL
aliquots of each dilution were dispensed onto M17 agar base
(Himedia, India) to count viable Lactococcus spp., Baird Parker agar
(Himedia, India) supplemented with 50 mL/L of the egg yolk
emulsion containing potassium tellurite (3.5%) (Himedia, India) to
count viable S. aureus and Listeria Agar Base containing selective
supplement for Listeria II (Himedia, India) to count viable
L. monocytogenes, using the microdrop inoculation technique
(Herigstad et al., 2011). Control systems without the addition of
TVEOwere similarly assayed. The plates were incubated at 37 C for
24e48 h. Plates inoculated with aliquots collected from cheese-
models containing TVEO were incubated an additional 24 h
longer at adequate temperature compared with samples collected
from control assays. The results are expressed as log CFU/g.
2.8. Statistical analysis
All assays were performed in three independent experiments in
triplicate, and the results are expressed as an average of the assays.
For MIC determination assays, the results are expressed as modal
values because the MIC values were the same in all repetitions
(McMahon et al., 2008). For the viable cell counts assays, statistical
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(p 0.05)e in viable cell counts of test organisms when exposed to
the different concentrations of TVEO over time in each growmedia
tested e using ANOVA, followed by post-hoc Tukey's test. Sigma
Stat 3.5 computer software (Jandel Scientiﬁc Software, San Jose,
California) was used for the statistical analysis of the data.3. Results and discussion
The GCeMS analysis of TVEO identiﬁed 24 different constituents
(Table 1). The constituents detected at the highest amounts in TVEO
were thymol (43.19%), p-cymene (28.55%), g-terpinene (6.36%),
linalool (5.57%) and carvacrol (3.14%). Other constituents, such as a-
pinene (2.60%), myrcene (1.4%), eucalyptol (1.29%), camphor (1.72%)
and caryophyllene oxide (1.43%), were detected in minor amounts.
A variety of other constituents were detected in amounts lower
than 1%. These ﬁndings are similar to the results of Al.Maqtari et al.
(2011), who examined the same essential oil. However, previous
studies have also demonstrated great variation in the amounts of
compounds often detected as major constituents in samples of
TVEO, such as 17.4e71% thymol; 10e56% p-cymene, 2.6e85.5%
limonene and 12.1e24.5% carvacrol (Burt, 2004; Omidbeygi et al.,
2007; Razzaghi-Abyaneh et al., 2008; Sacchetti et al., 2005). The
variability in composition among different EO samples obtained
from the same vegetal species might reﬂect differences in the raw
materials (dried or fresh) used for extraction, variable ecological
and geographical conditions, the age of the plant, harvesting time
and methods used for extraction (Kohiyama et al., 2015). These
variations in the chemical proﬁle of OEs might inﬂuence the anti-
bacterial activity spectrum and intensity (e.g., MIC values and
decrease in bacterial cell population) of these substances.
The MIC for TVEO against both S. aureus and L. monocytogenes
was 2.5 mL/mL, while the MIC against the mesophilic starter co-
culture comprising L. lactis subsp. lactis and L. lactis subsp. cre-
moris was 1.25 mL/mL. Regarding the observed MIC values, the
assayed mesophilic starter culture presented higher sensitivity to
TVEO compared with both L. monocytogenes and S. aureus. The MIC
of TVEO toward the starter co-culture was one-fold lower than the
MIC toward the assayed pathogenic bacteria. Initially, the higherTable 1
CGeMS analysis of the essential oil from Thymus vulgaris L.
Peaks Compound Area (%)
1 Tricyclene 0.15
2 a-Thujene 0.05
3 a-Pinene 2.60
4 Camphene 0.84
5 Myrcene 1.40
6 Pseudolimonene 0.06
7 a-Terpinene 0.06
8 p-Menth-1-ene 0.05
9 p-Cymene 28.55
10 Limonene 0.14
11 Eucalyptol 1.29
12 Linalol 5.57
13 cis-Linalol oxide 0.17
14 trans-Linalol oxide 0.20
15 g-Terpinene 6.36
16 Camphor 1.72
17 Isoborneol 0.20
18 Borneol 1.36
19 Terpinene-4-ol 0.96
20 p-Menthane-1,2,4-triol 0.15
21 Thymol 43.19
22 Carvacrol 3.14
23 Caryophyllene 0.35
24 Caryophyllene oxide 1.43sensitivity of the bacteria comprising the tested starter co-culture
was cautiously considered because there is a well-accepted
intrinsic two-fold variability in the results achieved for MIC as-
says, determined through dilution inmedia (Smith et al., 2007). The
MICs for TVEO against L. monocytogenes and S. aureus obtained in
the present study were similar to the ﬁndings of previous studies of
the same essential oil and target bacteria (Al.Maqtari et al., 2011;
Nezhadali et al., 2014; Tohidpour et al., 2010). However, the MICs
for TVEO against the mesophilic starter lactic acid co-culture tested
were distinct of those observed in previous studies, when lower
and higher MIC for TVEO were observed against single cultures of
L. sakei (0.125e0.5 mL/mL) (Gutierrez et al., 2009), Lactobacillus
plantarum, L. delbrueckii and L. lactis (>10 mL/mL) (Di Pasqua et al.,
2005).
Some authors have associated the strong antimicrobial
activity of TVEO (regarding the low MICs often detected) with the
particular proﬁle of major constituents in this substance (Carovic-
Stanko et al., 2010). The activity rank of the EOs individual con-
stituents possessing the highest antimicrobial properties is
phenols > aldehydes > ketones > alcohols > ethers > hydrocarbons
(Ballester-Costa et al., 2013). This classiﬁcation supports the low
MICs, i.e., effective antibacterial activity (Van Vuuren, 2008),
observed for the TVEO examined in the present study because
thymol (monoterpene possessing a phenolic ring) was a major
constituent. The primary site of the toxic action of EOs in bacterial
cells is the cytoplasmic membrane, and this action has been asso-
ciated with the hydrophobicity of the individual constituents of
EOs, facilitating the partitioning of these constituents into the
bacterial lipid bilayer, thereby disturbing the bacterial structure
and increasing permeability to protons, ions and other cell con-
stituents. Particularly, thymol (major constituent of TVEO) damages
the bacterial cytoplasmic membrane, resulting in the collapse of
the protonmotive force, depletion of the ATP pool and eventual cell
death (Ballester-Costa et al., 2013; Nowak et al., 2012).
Considering that most of the available studies have considered
the inhibitory effects of EOs toward pathogenic microorganisms to
determine potential doses to use as antimicrobials in foods, the MIC
value of TVEO against the assayed pathogenic bacteria was selected
as a major parameter for the selection of the different TVEO con-
centrations used in assays of bacterial survival (cell viability) in
cheese-based broth over time (at 10 C). Thus, the assays to observe
the effects of TVEO on bacterial cell viability were performed using
cheese-based broth containing 1.25 (1/2MIC), 2.5 (MIC) or 5 mL/
mL (2MIC) TVOE (Fig.1AeC). Observing themicrobial behavior in
food-based broth might be useful for studies on food matrices
because these liquid models might facilitate the optimization of the
ﬁnal application of EOs and closely reﬂect the conditions in food
products.
The effect of 1.25 mL/mL TVEO on the cell viability of
L. monocytogenes and starter co-culture in cheese-based broth was
similar, with reductions of approximately 1 log CFU/mL in initial
counts (zero time) after 24 h of exposure (Fig. 1B and C). This TVEO
concentration showed no decrease in the viable cell counts (counts)
of S. aureus in cheese-based broth after 24 h of exposure, as the
counts were similar (p > 0.05) over the assessed time intervals
(Fig. 1A). When TVEO was added to the cheese-based broth at
2.5 mL/mL, a decrease in the counts of 0.9 log CFU/mL and
1.3 log CFU/mL for S. aureus and L. monocytogenes, respectively, was
observed after 24 h of exposure. However, at 2.5 mL/mL, TVEO
sharply decreased the counts of the assayed starter co-culture after
4 h of exposure, and counts near 2 log CFU/mL were observed after
24 h of exposure (a reduction of approximately 4 log cycles in the
initial counts). When TVEO was added to the growth medium at
5 mL/mL, the counts of S. aureus and L. monocytogenes presented a
sharp decrease over time, with kill-time curves similar to those
Fig. 1. Viable cell counts ofS. aureus (A), L. monocytogenes (B) and mesophilic starter
co-culture (C) incoalho cheese based-broth at 10 C as a function of Thymus vulgaris L.
essential oil concentration: (B): 0 mL/mL; (:): 1.25 mL/mL; (▫): 2.5 mL/mL; ():
5.0 mL/mL. Detection limit of the test: 2.0 log CFU/mL.
Fig. 2. Viable cell counts of S. aureus(A), L. monocytogenes (B) and Lactococcus spp. (C)
in semi-solid coalho cheese model at 10 C as a function of Thymus vulgaris L. essential
oil concentration: (B): 0 mL/mL;(:): 1.25 mL/mL; (▫): 2.5 mL/mL. Detection limit of
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2.5 mL/mL. At 5 mL/mL, TVEO decreased the counts of the starter co-
culture to 2 log CFU/mL after 12 h of exposure, although a
3 log cycle reduction of the initial population (>99.9%) was detected
after 8 h of exposure. Systems containing TVEO consistently pre-
sented lower viable cell counts (p 0.05) over time compared with
control assays, except for the S. aureus counts in broth containing
TVEO at 1.25 mL/mL. Bacterial cells cultivated in control systems
presented a slight increase in the counts over the assessed time
interval (0.3e0.7 log increase after 24 h compared with initial
counts e time zero). These results suggested that at 2.5 mL/mL,TVEO established a bactericidal effect [3 log CFU/mL reduction of
initial count, i.e., 99.9% reduction] (Laplante, 2007) against the
starter co-culture after 24 h of exposure, and this effect was only
observed toward both S. aureus and L. monocytogenes when TVEO
was tested at 5 mL/mL (after 24 h). Moreover, at 5 mL/mL, TVEO
showed a bactericidal effect against the starter co-culture after 12 h
of exposure. Overall, the assayed co-culture presented greater
sensitivity than S. aureus and L. monocytogenes when cultivated in
cheese-based broth.
Considering that the incorporation of TVEO at 5 mL/mL in the
cheese-based broth severely affected the viability of the bacteriathe test: 2.0 log CFU/mL.
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exposure time compared with S. aureus and L. monocytogenes, as-
says of bacterial survival in a semi-solid coalho cheese model (at
10 C) were performed over 72 h using TVEO at 1.25 and 2.5 mL/g
(Fig. 2AeC). In contrast with the results of bacterial behavior
observed in cheese-broth, the addition of TVEO at 1.25 mL/g in the
semi-solid cheese model did not reduce the counts of
L. monocytogenes; however, a slight increase in counts was
observed from 24 h exposure onward (Fig. 2B). Similar results were
obtained for S. aureus over time (Fig. 2A). Under similar conditions,
the counts of Lactococcus spp. were consistently close to the initial
bacterial population (approximately 6 log CFU/mL) added to the
growthmatrix (Fig. 2C). The incorporation of TVEO at 2.5 mL/g in the
semi-solid cheese model decreased the counts of S. aureus,
L. monocytogenes and Lactococcus spp. after 72 h of exposure, which
varied from 0.3 to 1.0 log CFU/g with respect to the initial counts.
The ﬁnal counts of Lactococcus spp. in systems containing TVEO at
2.5 mL/mL were lower (p  0.05) than the counts observed for
L. monocytogenes. The results of bacterial behavior in cheese-broth
and in the semi-solid cheese model are consistent with the results
of the MIC determination assays, suggesting that at lower con-
centrations, TVEO greater affect L. lactis subsp. lactis and L. lactis
subsp. cremoris compared with S. aureus and L. monocytogenes.
Consistent with results found in cheese-broth, bacteria strains
cultivated in semi-solid cheese control systems presented a linear
and slight increase in counts over the assessed time period.
Overall, the inhibitory effects of TVEO against the tested target
bacteria were higher in cheese-based broth than in the semi-solid
cheese model. This difference could be associated with the char-
acteristics of each experimental medium used in these assays,
because the composition of the food-mimicking system could
impact the antimicrobial efﬁcacy of EOs. Systems containing higher
amounts of protein and fat, such as the semi-solid cheese-model,
decrease the efﬁcacy of EOs (Gutierrez et al., 2008). Proteins can
form complexes with phenolic constituents present in EOs, while
fatty acids enclose the hydrophobic individual constituents of EOs,
making these components unavailable to attack target cells (Burt,
2004). The physical structure of the semi-solid cheese model
could also impair the even dispersion of TVEO in the system,
making it difﬁcult to make contact with microbial cells in some
speciﬁc areas (Gutierrez et al., 2008, 2009). Moreover, the higher
availability of nutrients in the semi-solid cheese model compared
with cheese-based broth might facilitate the rapid repair of
damaged bacterial cells (Burt, 2004; Nazer et al., 2005).
Although researchers have suggested that as starter cultures,
lactic acid bacteria are relatively resistant to the toxic effects of
spices or even some EOs (Kivanç et al., 1991), showing stimulatory
effects on these organisms and enhanced acid production (Shelef
et al., 1980; Tiwari and Pandey, 1981), in the present study, TVEO
decreased the viability of Lactococcus cells. However, the stimula-
tory effects on starter cultures have been associated with natural
spices rather than with their EOs, extracts or individual constitu-
ents (Kivanç et al., 1991). A previous study showed that the EOs
from cumin (300 and 600 ppm) and oregano (150, 300 and
600 ppm) inhibited the growth of L. plantarum and Leuconostoc
mesenteroides in synthetic medium for 5 days and inhibited acid
production by these bacteria (Kivanç et al., 1991). Other studies
assessing the effects of the addition of the EOs from oregano or
rosemary on the parameters associated with the fermentation of
fresh cheeses during storage have shown that cheeses containing
EOs presented higher pH values, lower production of organic acids
and low amounts of indicators of chemical oxidation compared
with cheeses without EOs (Asensio et al., 2015; Olmedo et al., 2013)
and low total mesophilic bacteria counts (Olmedo et al., 2013). The
authors proposed that the addition of the EOs to cheeses presents aprotective effect against deterioration during storage, although the
potential effects on beneﬁcial lactic acid bacteria typically observed
in the studied matrices have not been assessed. Overall, we should
consider that the application of TVEO in fermented dairy products
(such as, cheeses) in doses enough to control pathogenic bacteria
could negatively affect the growth and survival of starter cultures
comprising lactic acid bacteria and speculate a potential decrease in
acid production, affecting the proper sensory characteristics and
safety of the products.
4. Conclusion
TVEO presented inhibitory activity against pathogenic bacteria
S. aureus and L. monocytogenes, which are often associated with
fresh and low-ripened cheese, and a co-culture comprising L. lactis
subsp. lactis and L. lactis subsp. cremoris used in the manufacture of
this product. However, the growth of the starter co-culture was
more severely affected by TVEO, considering theMIC values and the
behavior of test bacteria when challenged with this essential oil at
different concentrations in a coalho cheese-based broth and in
semi-solid coalho cheese model. Thus, the doses of TVEO proposed
to control pathogenic bacteria in fermented dairy products,
particularly in low-ripened cheeses, could be cautiously established
because of the potential negative effects on the growth and survival
of beneﬁcial lactic acid starter cultures used in the production of
these foods.
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